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In an earlier electron-microscopic investigation
on normal human epidermis the present author
has demonstrated that keratinization is a process
characterized by inter alia, the transformation of
the tonofibrils in stratum basale into keratin
through a series of morphologically distinctly
discernible stages (5). An intermediate stage is
seen as intensely stained regions in the tonofibril-
lar substance. These regions correspond to what
on light-microscopic evidence have been termed
keratohyalin granules (5). These granules have
usually been described as discrete cellular com-
ponents and have given rise to the name stratum
granulosum (28). From the electron-microscopic
results (5, 8, 10) it is clear that the name stratum
granulosum is a misnomer, and it is suggested
that the old concept of a morphological entity,
the keratohyalin granule, should be replaced by
the functional term, the keratohyalin stage.
The ultrastructural analysis of the epidermis
has furthermore shown that characteristic mor-
phologic features are associated with the trans-
formation of stratum basale cells into stratum
corneum cells (5, 6, 7, 8, 9). On the basis of
topographical relation and cellular characteris-
tics, and irrespective of the presence of kerato-
hyalin, it has been proposed that the layer termed
stratum granulosum might be more adequately
named stratum intermedium (6, 8, 10).
In psoriatic epidermis the tonofibrils do not
show a uniform picture, either with regard to
quantity or with regard to the differentiation of
the tonofibrillar substance (6, 10, 11). As regards
the latter process it has been demonstrated that
in one type of psoriasis the keratohyalin stage of
the tonofibrillar development is missing (6, 8).
The occurrence or absence of keratohyalin and
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the ultrastructure of the horny layer as evidenced
by the development of sub-layers, the absence or
presence of a keratin pattern, and the appearance
of nuclei permit the classification of psoriatic
epidermis in three main types: (a) parakeratosis
without keratohyalin; (b) parakeratosis with
keratohyalin and (c) hypcrkeratosis (6, 10, 11).
The present paper deals with a comparative
analysis of the ultrastructure of the horny layer
in normal human epidermis and in parakeratotic
psoriatic epidermis without keratohyalin.
MATERIAL AND METHODs
Skin from regions of the upper arm, sacrum and
abdomen was obtained from normal subjects
(5) and patients with psoriasis vulgaris (6). The
tissue was fixed in a 1 per cent osmium tetroxide
solution at pH 7.2—7.4 (21) and made isotonic to
blood according to Sjöstrand (25, 26). It was em-
bedded in Araldite (15) and Epon (20). All sections
were stained with uranyl acetate at 40—70°C. (2).
In some preparations 0.1 per cent phosphotungstic
acid was added to the alcohol during dehydration
of the tissue (3).
RESULTS
Stratum corneum in normal human epidermis
Fig. 1 is a survey of a part of stratum corneum.
Three sub-layers are discerned. As in guinea-pig
horny layer (2, 4) these sub-layers will also here
be referred as the basal, intermediate and super-
ficial layers. The cells show throughout the
stratum corneum a flattened shape. Even though
the cells are often irregular and interdigitate,
their long axes are, in the main, parallel to the
skin surface. In the basal and intermediate layers
the cells have a height between 0.12—0.90 .
In the superficial layer the cell height may vary
rather conspicuously (between 0.12—2.0 ,a). In
the whole stratum corneum the cells are mostly
found separated from each other to a varying
degree and the space between the cells appears
electron-optically "empty". Only occasionally is
a homogeneous, less opaque substance seen in
the intercellular space between the numerous
modified desmosomes (5, 10).
The basal layer comprises 4—10 cells. The major
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FIG. lisa survey of a part of normal human stratum corneum. Three sublayers are discerned: a basal(b), an intermediate (i) and a superficial (s) layer. The cytoplasm of the cells in the intermediate layer
is more opaque than that of the cells in the basal layer. The superficial cell exhibits an abrupt decrease
in opacity as compared to the subjacent cells. In the intermediate layer cells with differences in the
packing of the keratin fibrils are found. In the stratum corneum even though the cells are often irregular
and interdigitate, their long axes are, in the main, parallel to the shin surface. The cells are mostly found
separated from each other to a varying degree and the space between the cells appears electron-optically
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FIG. 2 is a survey of upper cells in the intermediate layer (i) and cells in the superficial layer (s). In
the two lower intermediate cells the keratin pattern is found in areas of varying sizes separated by less
stained or electron-optically "empty" spaces. In the uppermost intermediate cell electron-optically
"empty" spaces or spaces exhibiting a less opaque, fibrous component appear between areas with a
keratin pattern. In the cells of the superficial layer a fibrous component of fairly low opacity is observed.
At the top of the picture cell parts seem to be thrown off. Particularly the superficial cells show a pro-
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part of the cytoplasm exhibits a typical keratin
pattern. This pattern consists of densely packed
fibrils with longitudinal, oblique and cross-
sectioned, less stained filaments—about 70 A in
diameter—embedded in a highly opaque, inter-
filamentous substance (5, 10). It is here of im-
portance to point out that this substance is also
observed between the filaments in the adjacent
keratin fibrils (Fig. 4).
The intermediate layer usually forms the main
part of normal human stratum corneum. It is
8—12 cells thick. The keratin pattern shows a
higher opacity than that in the basal layer. The
keratin pattern is seen in areas of varying sizes
separated by less stained or electron-optically
"empty" spaces (Fig. 2). This cell type dominates
the intermediate layer but cells in which the
keratin fibrils show the same dense packing as
in the basal layer are also seen (Fig. 1). rrhese
latter cells occur in varying numbers in the
sections. They are randomly found throughout
the intermediate layer.
The superficial layer seems to consist of 2—3
cells. These cells show an abrupt decrease in
FIG. 3 is a higher magnification of the fibrous component seen in the cells of the superficial layer. This
appears as isolated filaments or as a fibrous mass of fairly even opacity. X 94,000.
FIG. 4 is a higher magnification of the keratin pattern in the basal layer. This pattern consists of
densely packed keratin fibrils with longitudinal, oblique and cross-sectioned, less stained filaments
embedded in a highly opaque, interfilamentous substance. This substance is also found between the
filaments in the adjacent keratin fibrils. X 117,000.
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Fin.5 is a survey of stratum intermedium (I) and stratum eorneum (C) cells in parakeratotic psoriatie
epidermis without keratohyalin. In the stratum intermedium cells the tonofibrils are conspicuously
reduced in number. They anastomose but do not aggregate into larger bundles. The stratum corneum
cells have a longitudinal, flattened shape with mostly even surfaces. The cells are rather regularly ar-
ranged with the long axes oriented parallel to the skin surface throughout their whole course. The inter-
cellular space (IS) varies considerably in width both in stratum corneum and stratum intermedium. It
contains a homogeneous, fairly opaque substance. In the horny cells are seen round or oval, fairly opaque
granules (x). Some of them show a similar shape and opacity to the granules in stratum intermedium
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opacity. A fibrous component of fairly low opacity
as compared to the keratin pattern in the inter-
mediate layer is discerned in the cells (Figs. 1—3).
Stratum corneum in paralceratotic psoriatic
epidermis without keratohyalin
Fig. 5 shows cells in stratum intermedium and
the lower part of stratum corneum of parakera-
totic psoriatic epidermis without keratohyalin. In
the stratum intermedium cells the individual
filaments are distinctly seen in the tonofibrils.
No intensely stained regions in the tonofibrillar
substance, i.e. keratohyalin, are found here (8,
9). The stratum corneum cells have a longi-
tudinal, flattened shape with mostly even sur-
faces. The cells are rather regularly arranged
with the long axes oriented parallel to the skin
surface throughout their whole course. Their
height varies between 0.12—1.7 .i. The intercellu-
lar space varies considerably in width. It con-
tains a homogeneous, fairly opaque substance.
The modified desmosomes are few in numbers as
compared to those in normal stratum corneum.
Nuclei occur often. They appear distinctly
throughout the whole stratum corneum (9, 11).
The cytoplasm has a rather uniform opacity
and density all through the horny layer, which
may be more than 40 cells thick (9, 11). Only
smaller variations in the density of the cyto-
plasm are observed, but these variations occur at
random throughout the whole stratum corneum
(9). In the looser parts of the cytoplasm the
individual, opaque filaments are distinctly seen
(Fig. 6). They have a diameter of about 50 A and
are arranged in bundles which ultrastructurally
are similar to the tonofibrils in the noncornified
layers of parakeratotic psoriatic epidermis with-
FJG. 6 is a higher magnification of cells in the middle part of stratum corneum. In the upper cell (to
the right) the individual filaments are distinctly seen in the tonofibrils (t). The fibrils exhibit a faint
speckled pattern. In the lower cell (to the left) the cytoplasm is more dense and the filaments are not
discerned in the opaque fibrils (t). Between the fibrils a nonfibrous, less opaque, homogeneous substance
appears (—*). x, a rather opaque granule bounded by an opaque membrane. IS, intercellular space.
X 86,000.
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out keratohyalin (6, 7, 8, 9, 10). In the denser
parts the individual filaments are less distinctly
or not at all discernible in the opaque fibrils
(9). Between the latter a nonfibrous, less opaque,
homogeneous substance is seen (Fig. 6).
DISCUSSION
On the basis of biochemical investigations on
the horny layer of normal and psoriatic epidermis
it has been suggested that the disturbances in
psoriasis are due only to changes of the water-
soluble component (12, 13, 16), whereas the
keratin in psoriatic epidermis does not show
chemically any deviations from normal keratin
(12, 13, 16). However, with the electron micro-
scope an abnormal horny substance with distinct
changes both in the fibrous and nonfibrous com-
ponents has been revealed in parakeratotic
psoriatic epidermis without keratohyalin (9, 10).
This horny substance consists of a tonofibrillar
material of the type formed in the strntum basale
of the parakeratotic psoriatic epidermis without
keratohyalin (6), and of a less opaque, homogene-
ous substance of unknown origin (9, 10). Neither
the keratin pattern characterizing the basal
and intermediate layers nor the filamentous
component seen in the superficial layer of the
normal human stratum corneum is observed in
the stratum corneum of parakeratotic psoriatic
epidermis without keratohyalin.
In all types of psoriatic epidermis, thus also in
parakeratosis without keratohyalin, an upper,
third layer—stratum intermedium—is observed
in the acanthotic parts of the epidermis (6, 8, 10,
11). There is therefore no direct transformation
of the rete malpighii cells into the stratum cor-
neum cells as has been earlier assumed (1, 17,
18, 19, 24, 27). The lack of keratohyalin in
parakeratosis without keratohyalin has been
interpreted as an expression of an inhibited
keratinization process discernible at the very
earliest stages in this type of psoriatic epidermis
(6, 7, 8, 10). The occurrence of the abnormal
horny substance is thus associated with a de-
fective anastomosis and aggregation of the
tonofibrils into larger bundles, complete or
almost complete absence of a speckled pattern
in stratum spinosum, absence of keratohyalin
in stratum intermedium and absence of T-cells
(6, 7, 8, 9, 10). The fact that a normal keratin
pattern (2, 3, 4, 5) or a slightly modified keratin
pattern (11) occurs in epidermic horny layers
where keratohyalin is present in stratum inter-
medium shows that the development of a keratin
pattern is correlated with the occurrence of
keratohyalin. This supports the hypothesis
suggested previously that the keratohyalin
stage of the tonofibrils is a precursor to the
keratin (5, 10).
In the present study of stratum corneum in
normal human epidermis three sub-layers are
distinctly seen. Sub-layers have not been demon-
strated in earlier electron-microscopic investi-
gations of stratum corneum of normal human
epidermis (23, 29). In the light microscope only
two layers have been observed, viz., stratum
conjunctum and stratum disjunctum (22).
Further studies will be necessary to elucidate
more precisely which parts of stratum corneum
in the present study constitute stratum conjunc-
tum and stratum disjunctum respectively. It
seems, however, reasonable to assume that the
4—10 cell thick basal layer forms at least the
main part of stratum conjunctum. What is
interesting to note here is that stratum dis-
junctum is composed of different cell types, i.e.
both cells which show differences in the packing
of the keratin fibrils and cells characterizing the
superficial layer. In stratum corneum of para-
keratotic psoriatic epidermis without kerato-
hyalin, on the other hand, no sub-layers are
observed (9, 11). This finding is in agreement
with histologic observations on psoriasis with
parakeratosis (27).
It has been emphasized that a conspicuous
feature in psoriasis is the stickiness or cohesive-
ness of the psoriatic scales (14). The rather
opaque, homogeneous substance in the inter-
cellular space may well form the morphological
basis for the increased cohesiveness of the cells
of stratum corneum observed in parakeratotic
psoriatic epidermis without keratohyalin as
compared to the normal horny cells (9). It should
be mentioned here that a similar substance is
also seen in the intercellular space in stratum
intermedium (8) and occasionally between the
uppermost cells in stratum spinosum in parakera-
tosis without keratohyalin (7).
SUMMARY
1. An electron-microscopic study of the horny
layer in normal human epidermis and in para-
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keratotic psoriatic epidermis without keratohya-
un has been carried out.
2. Three sub-layers are discerned in the
stratum corneum of normal epidermis. Keratin
fibrils showing a characteristic keratin pattern
with less stained filaments embedded in a highly
opaque interfilamentous substance is seen in the
basal and intermediate layers. The filaments
have a diameter of about 70 A. In the basal
layer the fibrils are densely packed. In the inter-
mediate layer the fibrils show mainly a less
dense packing and the keratin pattern is more
opaque than that in the basal layer. The cells
of the superficial layer contain a fibrous com-
ponent of fairly low opacity.
3. The normal stratum corneum cells are often
separated from each other to a varying degree.
The space between the cells appears mostly
electronoptically "empty". Occasionally a less
opaque substance is seen in the intercellular
space between the numerous modified desmo-
somes.
4. In the stratum corneum of parakeratotic
psoriatic epidermis without keratohyalin no
sub-layers are observed. rihe cytoplasm is rather
opaque and dense and shows only smaller varia-
tions in the density. These variations occur
randomly throughout the whole stratum
corneum.
5. An abnormal horny substance is seen. This
consists of a homogeneous, nonfibrous material
and a tonofibrillar material of the type found in
the stratum basale of parakeratotic psoriatic
epidermis without keratohyalin. The opaque
filaments have a diameter of about 50 A.
6. The significance of the keratohyalin and its
role in the keratinization process is briefly dis-
cussed.
7. The stratum corneum cells in parakeratotic
psoriatic epidermis without keratohyalin show an
increased cohesiveness as compared to that of
normal horny cells. The intercellular space is
here characterized by a considerable variation in
width. The modified desmosomes are few in
numbers. It has been suggested that the fairly
opaque, homogeneous substance seen in the
intercellular space forms the morphological
basis for the increased cohesiveness.
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DISCUSSION
DR. PETER FLESCH, Philadelphia, Pa.: I would
like to compliment Dr. Brody on this beautiful
piece of work. I think the important thing that
came out of his studies is that not all psoriatic
horny layers have the same morphological basis.
Keratin apparently does not show changes,
except in certain types of psoriasis.
I am somewhat puzzled about the statement
that these findings disagree with Swanbeck's
studies. Swanbeck said that lack of aggregation
is a factor in psoriatic scaling. Your photos of the
upper horny layer do not show a uniform picture
from which you can draw final conclusions. In
your paper the magnifications of the normal
horny layer and of the psoriatic epidermis are
not the same. I just wonder if it is possible to
say at this stage that Dr. Swanbeck is wrong
and that lack of aggregation is not an essential
feature of some pathologic horny layers.
DIt. HOWARD P. BADEN, Boston, Mass.: I
would like to ask two questions. First, have you
been able to see any detail in the fibrils them-
selves?
Second could not these results be interpreted as
a maturation arrest rather than saying an ab-
normal keratin has been formed? As far as I can
tell, there is no convincing evidence that there
is really something abnormal about the fibrous
protein. It may be that the cells are just in a
maturation arrest.
DR. ALVIN S. ZELIcKSON, Minneapolis, Minn.:
I would also like to compliment Dr. Brody for
his excellent presentation and ask his interpreta-
tion of the numerous vesicles, containing a homo-
geneous mass, which are present in the stratum
corneum.
DR. ISSER BRODY, (in closing): I thank the
discussors for their comments.
To DR. FLE5cH: Swanbeck's results on normal
human stratum corneum deviate both from those
obtained with the electron microscope and those
with biochemical methods. Biochemical studies
have shown that in the barrier of normal stratum
corneum there is about 58% fibrous protein
(Szakall, A.: Arch. klin. u. exptl. Dermatol.
201, 331, 1955) and in stratum disjunctum about
52% (Spier, H. W. and Pascher, G.: Arch.
Dermatol. u. Syphilis 199, 411, 1955). The
normal stratum corneum contains between 12
(Matoltsy, A. G., in Montagna, W. (Ed.), The
Biology of Hair Growth, p. 135, Academic Press,
New York, 1958) and 20% (Spier, H. W. and
Pascher, G.: Arch. Dermatol. u. Syphilis 199, 411,
1955) lipids. These values of fibrous protein
(i.e. keratin) and lipids are expressed in per cent
dry weight. The ratio between the fibrous protein
and lipids will accordingly be approx. 3.4. Swan-
beck demonstrated the presence of 250 A thick
protein fibrils, each of them surrounded by an
80 A thick lipid sheath. The relative areas of the
protein fibril and the lipid sheath were 3 and 5
respectively. The ratio between the fibrous
protein and the lipids according to Swanbeck's
result would then be 0.6, i.e. more lipids than
fibrous protein in the normal human stratum
corneum. This result is not likely.
To Da. BADEN: I have seen Filshie and Roger's
interesting investigation. I am myself performing
a study of the filaments in the noncornified and
cornified layers of the epidermis and hope to show
some results later on.
One explanation of the fact that no disturb-
ances have been demonstrated in biochemical
investigations on the keratinous component in
the horny layer of psoriatic epidermis may per-
haps be that not the pure types as seen in the
electron microscope but a mixture of different
types have been studied.
To DR. ZELIcK50N: If I understand Dr.
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Zeliclcson right, you mean the granules observed
in the stratum corneum of the parakeratotic
psoriatic epidermis without keratohyalin. The
nature of these granules is uncertain. Similar
granules of the same shape or with a more ir-
regular shape are also seen in stratum inter-
medium and stratum spinosum of parakeratotic
psoriatie epidermis without keratohyalin and in
stratum basale of normal human epidermis.
According to their shape the granules in the
noncornifled epidermis are similar to what has
been described as lipid droplets.
